th birthday.
products. Due to the possible biological activity of these impurities, the use of GC-MS in qualitative and quantitative control is, once again, extremely important. The nature and the amount of each substance considered as extraneous to the original composition might reveal the processing steps undergone by the product, inasmuch as extraction from natural sources and chemical synthesis give rise to different impurities [3] . As can be easily understood, the scientific literature lists thousands of papers based on the use of GC-MS for the characterization of volatiles occurring in essential oils. In fact, the success of the technique, if initially hindered by the high cost of the instrumental apparatus, is mainly due to the ease of use. Anyone who has experienced GC-MS knows that the most used method for identification of unknowns consists of the comparison of the target spectrum with reference spectra collected in a database commonly known as the MS library. Based on the similarity, the search function provides a list of the best matches
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found in the library records. The bigger the similarity, the higher is the probability of correct identification. As is universally known, essential oils are complex matrices mostly characterized, as regards their volatile fraction, by the presence of terpenoids and their derivatives. Terpenoids are derived from condensation of isopentenylic units, and, after fragmentation, produce very similar spectra, often causing a loss of discrimination from the library. When an unambiguous identification is not obtained, the Linear Retention Index can be used as an additional criterion of searching [4] [5] [6] . The Retention Index system finds its origin in 1958 when Kováts proposed to relate the retention behavior of a substance to the retention properties of a series of reference standards, closely associated to each other by structure [7] . Reference standards used were n-alkanes, each of which was assigned a value 100 times the number of carbon atoms present in the molecule. Kováts findings can be summarized in the equation:
where t' R is the adjusted retention time, z the number of carbon atoms of the n-alkane eluting before the target compound (x), and z +1 the number of carbon atoms of the n-alkane eluting after the target compound (x). Based on this equation, Kováts found a direct relationship between the logarithm of the adjusted retention time of each member of a homologous series and the carbon number on a given column and temperature. Substantially, the Retention Index could be defined as a number equal to 100 times the carbon number of a hypothetical n-alkane having the same t' R as the target compound.
Although widely used in several databases collecting RIs, Kováts 
where T R is the elution temperature [8] . Since elution temperature and retention time are usually highly correlated in PT separations, the term T R in the above reported equation can be substituted by t R (retention time). As for retention time, the PTRI (so called "Linear") does not represent, by itself, an unequivocal system of identification: two different compounds might have the same LRI on the same column and at the same program temperature. However, it is very unlikely that two compounds would have the same retention time, LRI and mass spectrum. This means that, being equal the similarity score produced by a library search process, the LRI can work as a distinguishing item. Taking into account all the matters so far reported, this research group developed an alternative GC-MS library provided with LRI information for each compound. This innovative library, when used in its original GCMS solution (Shimadzu) format, makes possible the application of an LRI filter to search criteria. This filter consists of setting an LRI range within which the value of the unknown compound has to fall: this tool allows the shortening of the list of library matches given by the searching process, thus, getting closer to the best search result. For the creation of such a database, pure chemicals, essential oils and fragrances have been used. In order to collect all the LRIs, each batch of analyses of real samples has been preceded by the acquisition of a mix of n-alkanes ranging from C 7 to C 30 . Due to the fact that LRIs are strongly dependent upon retention mechanism, their reliability on polar phases decreases significantly because of the interfacial adsorption sustained by the n-alkanes. For this reason, LRIs often show a big difference (up to one hundred units), when comparing values obtained in different laboratories. In the database here presented, named FFNSC (Flavour & Fragrance Natural & Synthetic Compounds), LRIs calculated on a non-polar stationary phase (5% diphenyl-95% polymethylsiloxane) are reported; this is the most suitable stationary phase ever utilized for the analysis of volatiles in flavors, fragrances and essential oils. Along with each spectrum, Chemical Abstract Service registered information is provided with respect to common name, IUPAC name, formula, CAS number, and molecular weight (Figure 1) . Furthermore, all the LRIs experimentally determined have been verified with specific literature data, plus on-line dedicated databases. The LRI interactive system, once developed, has been applied to the analysis of real samples belonging to the flavor & fragrance field, as will be shown later in this manuscript.
In order to demonstrate the capabilities of the interactive LRI system in the applications here reported, the FFNSC library has been used, alternatively, against another two well-known commercial MS libraries. Figure 2 shows the GC-MS chromatogram of a Spikenard oil (Nardostachys jatamansi) sample from Nepal (see table 1 for peak identification). Spikenard oil, commonly named Jatamansi, is native to the Himalayas and is used for anticonvulsant and anti-stress conditions in Ayurvedic formulations. In spite of its wide use in various fields of medicine and cosmetics, analytical data available on its composition are scarce [9] [10] . The use of the FFNSC library in the present paper has led to one of the few fingerprints available in the literature of the volatile fraction of Jatamansi. For some constituents (unknown peaks at 36.9, 41.0, 45.2 and 46.1 min) the identification could not be carried out with a high level of reliability, although mass spectral interpretation highlighted the possibility of these compounds being oxygenated sesquiterpene hydrocarbons with a MW equal to 222, except for the last eluting peak, which shows a MW of 248. As can be seen in table 2, when library searching for peak 27 is performed, data processing reports, at the same 
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Similarity Index (S. I.) level (95%), γ-muurolene and γ-cadinene by the FFNSC library; and isoledene at 91% of S.I. by the commercial library. Of course, the last match cannot be accepted as true, either for the lower S.I. or for the LRI value (1419 vs. 1516 of the unknown compound). Correct peak assignment is, therefore, not so easy to be carried out but, after selecting the LRI filter function (see figure 3) , the highest S.I. is produced by γ-cadinene, followed by other compounds with S.I. ≤87%. Indeed, the correct choice is γ-cadinene, which presents a difference of 4 units in between the LRI calculated by the software and the one reported in the FFNSC library (1516 vs. 1512). This result is confirmed by the fact that another peak (22) is due to γ-muurolene, which is the compound rejected in the previous search procedure, showing an S.I. equal to 100%. Figure 4 reports the TIC chromatogram of Hyssop oil (Hyssopus officinalis), the composition of which is reported in table 4. If peak 46 is considered for identification, the list of library matches reported in Table 3 shows an S.I. of 97% for α-cis-bergamotene and 96% for α-trans-bergamotene. The commercial library reports a generic α-bergamotene with an S.I. of 95%. In such a case, the choice of the correct result is somehow troubling, since the two values of S.I. are close to each other and both good in the same manner. At this point, the activation of the LRI filter becomes useful and necessary; a Retention Index allowance (see Figure 3 ) of +/-5 units leads to only one acceptable match: α-trans-bergamotene, having the closest LRI value to the one of the unknown compound (1432 vs. 1435). The activation of the LRI filter produces, as best match, the trans isomer of α-bergamotene, rejecting all the other matches previously characterized by high degree of similarity, with the second possible match being cis-thujopsene, but with only 83% of S.I. In conclusion, the use of an interactive Linear Retention Index system for GC-MS correct peak assignment has been successfully demonstrated. When analyzing complex matrices, such as essential oils and plant derived products, even performing an optimal GC separation, identification only by mass spectrometry becomes challenging. The database here presented (FFNSC), besides being a high quality reference for GC-MS users, strongly enhances the capability of the GC-MS technique due to the powerful tool of the LRI filter. 
